Pharmacologic inhibition of the proteasome resulted in increased NOS-1 protein levels and increased NO production by neuronal cells. This correlated with an increased antiviral effect of IFN-γ against the replication of vesicular stomatitis virus (VSV) replication in vitro. We also observed that a regulatory protein, Protein Inhibitor of NOS-1 (PIN) was down-regulated by IFN-γ treatment, and more ubiquitinated PIN accumulated in IFN-γ treated neurons. In cells of the reticuloendothelial system, IFN-γ treatment induces the expression of a set of low molecular weight MHC-encoded proteins (LMPs), which replace the β-subunit of the proteasome complex during the proteasome neosynthesis, resulting in a complex termed the immunoproteasome. LMP2, -7, and -10 were induced and the immunoproteasome was generated by IFN-γ treatment in neuronal cells. Importantly, we observed that IFN-γ induced inhibition of VSV protein synthesis was not dependent on ubiquitination.
Introduction
IFN-γ is a critical antiviral mediator in eliminating viruses from the CNS (Komatsu et al., 1996; Chesler and Reiss, 2002) . IFN-γ up-regulates NOS-1 expression posttranscriptionally and increases NO production, which is essential in the clearance of VSV infection by neurons (Bi and Reiss, 1995; Komatsu et al., 1996; Chesler et al., 2004) . VSV is not unique; other neurotropic viruses whose replication is inhibited by NO include CMV (Kosugi et al., 2002) , HIV (Hori et al., 1999) , HSV-1 (Kodukula et al., 1999) , MHV (Lane et al., 1997) , Poliovirus (Komatsu et al., 1996) , and Reovirus (Goody et al., 2005) . But how this antiviral process is regulated largely remains unknown.
We propose that IFN-γ enhanced antiviral activity in neurons through alteration of the proteasome degradation of host proteins to induce NOS-1 expression and activity which can inhibit VSV protein synthesis (Bi and Reiss, 1995) . Protein Inhibitor of NOS-1 (PIN) is a protein which complexes with NOS-1, preventing functional homodimer formation (Jaffrey and Snyder, 1996; Fan et al., 1998) . Previous studies indicated that treatment of neurons with prostaglandin E 2 (PGE 2 ), an inhibitor of NOS-1 activity, induces PIN expression in neurons. Conversely, pharmacologic inhibition of cyclooxygenase-2 in vitro and in mice enhances NOS-1 activity, down-regulates PIN expression, and enhances clearance of virus and survival (Chen and Reiss, 2002) .
The proteasome is an intracellular complex that degrades polyubiquitin-conjugated proteins (Ciechanover, 1994) .
